SUMMARY The perinatal histories of 50 very low birthweight infants weighing 1500 g, or less, with necrotizing enterocolitis were compared with those of the remaining 325 very low birthweight infants who were admitted to this hospital during a four year study period. Many factors previously reported to be associated with necrotizing enterocolitis were found with equal frequency in both groups of babies. The only adverse factor which was more frequently present in patients with necrotizing enterocolitis was hypothermia on admission to hospital. Those infants who developed severe necrotizing enterocolitis also had a higher incidence of polycythaemia. A further controlled study which examined feeding practices showed that the timing, type, and volume of milk feeding were not different in infants with necrotizing enterocolitis and matched controls. Prematurity is clearly the greatest risk factor which predisposes to the development of necrotizing enterocolitis and most of the factors previously implicated in the aetiology may simply represent the descriptive characteristics of a population of sick, very low birthweight infants.
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The pathogenesis of necrotizing enterocolitis is not fully understood. It has been postulated that the disease results from hypoxaemia and mucosal injury aggravated by feeding and bacterial proliferation. Many perinatal events which were thought to predispose to necrotizing enterocolitis occurred as frequently, however, in matched control infants.' -In all these studies the investigators selected one to three infants of similar birthweight to serve as controls for each patient with necrotizing enterocolitis. Only two previous studies compared the incidence of risk factors among low birthweight infants who had necrotizing enterocolitis with the entire low birthweight population who did not have this.7 x They showed that very few, if any, obvious identifiable risk factors were consistently associated with the occurrence of this disease.
Necrotizing enterocolitis is associated with prematurity and has been shown to be especially common among very low birthweight (1500 g, or less) infants." It is therefore particularly important to identify pathogenic factors in this high risk group. We analysed and compared perinatal histories of 50 very low birthweight infants with necrotizing enterocolitis and those of the remaining 325 very low birthweight infants admitted to this hospital during the same four year period. Because feeding practices have been implicated in both the causation and prevention of necrotizing enterocolitis, these were examined in depth in infants before disease onset and were compared over an equivalent postnatal period with those in matched control infants.
Patients and methods
During the study period, January 1977 to December 1980, 50 very low birthweight infants were diagnosed as having necrotizing enterocolitis (Table  1) . The criteria used for diagnosis were similar to those in two previous studies." Evidence of systemic illness included recurrent apnoea, lethargy, poor circulation, temperature instability, and metabolic acidosis. Signs attributable to gastrointestinal dysfunction included abdominal distension, blood in the stools, gastric residue, and diarrhoea. Thirty two infants whose abdominal radiographs showed gaseous distension, asymmetry of gas pattern and intramural gas in the form of a granular or foamy Figure. Details of the total population of very low birthweight infants admitted during the four year period have been summarised in a previous study.' 3 The incidence of necrotizing enterocolitis was 13 milk feeding was begun early and supplemental parenteral nutrition before the establishment of full oral feeds became routine. With few exceptions milk feeding was started within the first week, usually at age 3 or 4 days, after the infant had passed meconium and was able to maintain blood gases and a stable pH. Whenever possible fresh expressed breast milk from the infants' own mothers was used. This was stored, cooled, and given to the infants within 24 hours of collection. Pooled donor breast milk or milk that had been frozen or pasteurised was not used. Milk formula (Nan, Nestles) was used whenever the supply of fresh breast milk ran out temporarily.
The feeding histories of infants with and without necrotizing enterocolitis were compared in a case control study for this two year period during which a standard feeding regimen was used. Thirteen of the 18 infants with severe disease were born during this period. Two control infants, admitted before and after each of the 13 patients and matched for a birthweight of ± 200 g, were selected for comparison.
The results in this report were tabulated as the mean (SEM) or the number and percentage of infants with the specific factor. Statistical analysis was by x2 and Student's t tests.
Results
None of the obstetric and intrapartum factors listed in Table 2 or neonatal factors listed in Table 3 Eighteen of the 50 patients with necrotizing enterocolitis were considered to have severe disease based on radiological criteria as previously described. When the incidence of the same perinatal factors was analysed in these 18 infants with severe disease and compared with the remaining 357 infants, hypothermia on admission remained statistically more frequent in the former group. In addition, five (28%) infants with severe disease had a central haematocrit value of over 60% on hospital admission compared with 36 (10%) in the remaining infants (X2 = 3 84, P = 0-05).
In the case control study, data before the onset of the disease from each of the 13 infants with severe necrotizing enterocolitis born during the last two years of the study period were compared with data from an equivalent period of time on two control infants. The birthweights were mean (SEM) 1172 g (75 g) in the disease group and 1179 g (47 g) in the control group, and gestational ages were mean (SEM) 29-2 weeks (0-4 weeks) and 28-9 weeks (0-5 weeks) respectively, confirming the biographical similarities of the two groups. Table 4 shows that none of the differences in timing, type, and volume of milk feeding between the two groups were statistically significant.
Discussion
The incidence of necrotizing enterocolitis in very low birthweight infants varied between 14% and 17% except for the first year of the study period. No seasonal pattern was evident, similar to the experience in larger infants.4 14 For a disease which shows such erratic monthly variability, a long study period is required. Only one other controlled investigation has been undertaken over a similar period.8 The present series has the highest number of very low birthweight infants with necrotizing enterocolitis group.bmj.com on April 12, 2017 -Published by http://adc.bmj.com/ Downloaded from reported to date, and this was compared with a large control group from the entire very low birthweight population.
The observed peaks during the study may represent outbreaks of cases as has been described previously. '4 5 This lends support to an infectious cause for necrotizing enterocolitis but specific pathogens were not isolated consistently from diseased infants during these peaks nor were differences found in endemic and epidemic cases, similar to the findings of a previous study. 15 Overgrowth of organisms within the normal gut flora probably produces necrotizing enterocolitis in the immature gut but it remains uncertain which perinatal risk factors predispose to such invasive bacterial proliferation.
Past descriptive clinical reviews have listed associated perinatal complications which might have been interpreted as significant in pathogenesis.'6 17 Case control studies which included patients of all birthweights have challenged the concept that many of these perinatal events are aetiologically important and predispose infants to disease.'-6 Many infants admitted to neonatal intensive care units have perinatal asphyxia, respiratory distress, umbilical artery catheters etc and these factors may simply be coincidental findings in infants who later develop necrotizing enterocolitis. Although one case control study showed that perinatal asphyxia and the use of umbilical catheters were more common in patients with necrotizing enterocolitis than control infants, only five of the 17 patients in that study were of very low birthweight. 2 To avoid the potentially biasing effects of selection criteria employed in obtaining, often retrospectively, a matched control group two previous studies described 21 and 48 necrotizing enterocolitis patients respectively and compared these with the remaining admissions during the study period.7 x A moderately depressed Apgar score at one minute and hypertonic feeding were found more frequently in the patients with necrotizing enterocolitis in one study7 and abruptio placenta and severe respiratory distress in the other,8 out of a total of about 50 perinatal factors analysed. In the present study a body temperature on admission of less than 35-5°C was the only significant factor found. Only one previous, controlled investigation reported the incidence of hypothermia in their study group but it was not different to that in retrospectively matched control infants. ' Over half of the patients with necrotizing enterocolitis were over 1500 g, however, and as most of their infants were born elsewhere their average age of admission was over 12 hours.
When patients diagnosed as having severe necrotizing enterocolitis on radiological criteria were selected for analysis a central haematocrit of over 60% on admission was also found to be significantly more common than in the remaining very low birthweight population. This observation was not associated with a higher number of small for gestational age infants among those with severe disease. Hyperviscosity with attendant intravascular sludging and bowel ischaemia has been shown to be present with a haematocrit exceeding 60%./'8 The association between necrotizing enterocolitis and polycythaemia has been noted in case reports'9 20
and animal experiments have supported the hypothesis that polycythaemia plays a role in the development of the disease.2' 22 A previous case control study showed that a central haematocrit of over 60% was one of two significant risk factors identified in infants whose birthweight was over 2500 g.6 The one controlled study in which the number of very low birthweight infants with necrotizing enterocolitis was comparable to that in our study did not contain data on polycythaemia.8
It has been suggested that infants who are fed too much23 or too soon24 are at increased risk of developing necrotizing enterocolitis. These studies suffer from the fault of comparing non-concurrent alternative forms of treatment and either poor selection or lack of controls. The only prospective controlled trial comparing a rapid feeding rate schedule with a slower feeding rate schedule failed to show any trend toward a greater incidence in infants fed at the rapid feeding rate.25 The present study indicates that the timing and volume of milk feeds in very low birthweight infants with necrotizing enterocolitis were the same for controls. This finding is similar to that reported in case control studies which included patients of all birthweights. Nevertheless, our data show that the disease rarely developed in infants who had never been fed and therefore a possible association between feeding and necrotizing enterocolitis cannot be denied. In a previous, randomised, controlled clinical trial comprising 17 pairs of very low birthweight infants given either total parenteral nutrition or early milk feeding for the first two weeks of life, none of the infants in the former group but four in the latter group developed necrotizing enterocolitis.26 These data suggest that feeding is important in the aetiology but the nature of the feeding practice which predisposes the infant to disease is obscure. The lack of absolute protection breast milk gives against the development of necrotizing enterocolitis has been reported previously.27 28 Refrigeration and storage may have an adverse effect on breast milk leukocyte function and this or other confounding circumstances may offset the immunoactive factors present. Further studies are required to determine the role of fresh breast milk in the prevention of necrotizing enterocolitis in these infants.
The present data raise further questions on the importance of perinatal factors purported to predispose a high risk infant to necrotizing enterocolitis. Prematurity is clearly the most important risk factor, but many of the factors previously implicated in the pathogenesis may simply represent the descriptive characteristics of a population of sick, very low birthweight infants. Since there are still no proved methods of preventing disease development in these infants, early diagnosis and prompt treatment remain important as means of reducing the morbidity and mortality associated with necrotizing enterocolitis. 
